A relatively simple and inexpensive thin-layer chromatographic (TLC) method is described for the detection and semiquantitative measurement of ergovaline in leaf sheaths of tall fescue (Festuca arundinacea). Samples were finely ground and extracted with methanol. The extracts were filtered and the methanol was evaporated. The aqueous residue was extracted with hexane, followed by chloroform at pH 9. The chloroform extract was concentrated and further purified on a preparative silica gel TLC plate, developed with toluene/ethyl acetate/acetonitrile (50:10:40). The ergovaline band was scraped and eluted with methanol. The eluant was concentrated and an aliquot was applied to a silica gel TLC plate. The plate was developed successively with chloroform/acetone/acetic acid (90:10:5) and chloroform/ethanol (9:1). Ergovaline was visualized with p-dimethylaminobenzaldehyde and sulfuric acid. Semiquantitation of ergovaline was achieved by comparison with a known standard of ergotamine, which was shown to have the same Rf as ergovaline in this system. Spike recovery of ergotamine averaged 60%, with a limit of detection of 200 g/kg of dry tall fescue leaf sheaths. The method was applied to 15 tall fescue samples with varying degrees of fungal infection, and ergovaline was identified in all contaminated samples with endophyte infection above 15%. Thin-layer chromatography may be also applicable for tall fescue seed, where the ergovaline content is usually higher and the amount of interfering pigments is much lower.
Tall fescue (Festuca arundinacea) is one of the most widely used forage pastures in many countries due to its excellent agronomic properties. However, tall fescue pastures may be toxic, giving way to a disease that may have serious consequences for livestock. 4, 17 The symptoms may be variable, depending on the climatic season. In the summer, the most frequent alterations consist of severe discomfort, with pronounced hyperthermia, accelerated respiratory rate, excessive salivation, rough hair coat, lowered milk production, and decreased forage intake, whereas in very cold winter seasons, peripheral circulatory collapse may develop. 7 Generally, the toxicity does not produce serious impairment or death of the animals, but they may suffer a host of subclinical problems, such as low weight gain, reduced reproductive efficiency, reduced milk production, decreased growth rate, etc. These symptoms are reminiscent of the syndrome known as ergotism, which is caused by consumption of several fungal toxins collectively known as ergot alkaloids. 3 In 1977, it was reported that tall fescue toxicity is associated with the infection of plants and seeds with an endophytic fungus, formerly known as Acremonium coenophialum and now renamed Neotyphodium coenophialum. 5, 6 This organism was able to synthesize several ergot alkaloids in in vitro cultures. 12 These alkaloids were later detected in the tall fescue plants infected with the fungus. 18 Noninfected plants did not produce ergot alkaloids nor cause animal toxicity. Taken together, all these facts appear to confirm the central role of ergot alkaloids in tall fescue toxicity. Several studies have extended these findings, showing that ergova-line, an ergopeptine alkaloid, is the most abundant ergot alkaloid present in infected tall fescue plants. 12 Microscopic evidence of fungal infection in tall fescue plants or seeds has been used as a method of evaluation of pasture toxicity. In general, this approach has produced consistent results since usually there is a positive correlation between the percent of plants infected with the fungus and the intensity of symptoms in cattle or sheep. But recently, it has been reported that there may be variants of N. coenophialum with different ergovaline biosynthetic capacity, 16 and also it has been shown that certain soil or culture conditions can strongly affect the total amount of ergot alkaloids present in the plants without affecting the percent of fungal infection. 1, 2, 8 These facts indicate that the degree of infection is not always a reliable measure of the levels of ergot alkaloids. Clearly, in order to evaluate the toxicity of a pasture, a more rigorous approach would involve the chemical measurement of the fungal toxins, particularly ergovaline.
Several methods for ergot alkaloid analysis have been described, but not all are suitable for the detection and/or quantification of ergovaline in tall fescue. This is due to the relatively low levels of toxins usually present and the extremely complex nature of the vegetative matrix. High-performance liquid chromatography (HPLC) has been used to determine the presence of ergovaline, its distribution among various parts of the plant, and the influence of external factors, etc. 8, 13, 17 But HPLC is expensive and requires elaborate facilities, which frequently are unavailable in many laboratories involved in the diagnosis of animal or plant diseases worldwide. Thus, the availability of an inexpensive and reliable analytical methodology would be useful, particularly for rural laboratories in developing countries.
The present work was undertaken to develop a thin-layer chromatographic (TLC) method for the detection and semiquantitation of ergovaline in tall fescue plants.
Samples (3-5 kg) of tall fescue plants were collected from different plots, some of them with previous records of tall fescue-induced cattle disease. From each lot of tall fescue plants, a sample for endophyte analysis was composed by taking about 30 individual tillers, 15 and the degree of N. coenophialum infection was determined by staining with aniline blue and lactic acid followed by microscopic observation of the stained fungal mycelia. 5 Either highly infected (more than 80%) or endophyte-free (0%) lots of plants were retained and used for testing the procedures related to sample extraction, cleanup, etc. The endophyte-free and endophyteinfected plants were frozen at Ϫ20 C until processed. 15 Primary standard solutions of ergovaline a as well as semipurified ergotamine b and pharmaceutical-grade ergonovine b (1-3 mg/ml) were prepared in methanol and kept at Ϫ70 C for several months. Working-standard solutions containing 100 g/ml methanol were prepared weekly and stored at -5 C. To compare the concentration of primary solutions, a calibration curve was prepared with analytical-grade ergonovine using the colorimetric reaction 9 with p-dimethylamino benzaldehyde, c and the color was read with a UV/VIS spectrophotometer. d Tall fescue samples (about 200 g) were manually processed for separation of the leaf sheaths, which were finely ground in a mortar under liquid nitrogen (this procedure was adopted in order to facilitate the grinding of the fresh material while preserving ergovaline from thermal decomposition, 11 but other methods may be adequate, such as freeze drying 13 ). A weighed amount of the ground leaf sheaths (25 g) was extracted overnight with 100 ml methanol e in a 500ml glass-stoppered conical flask. The extract was filtered and concentrated in a rotary evaporator f under vacuum at 40 C. The residue, mainly consisting of a water suspension of methanol-soluble plant constituents, was extracted with 15 ml hexane, e and the hexane layer was discarded.
The aqueous phase was saturated with NaCl, the pH adjusted to 9-9.5 with 1 N NaOH, and extracted with 3 ϫ 10 ml of chloroform. e The chloroform extracts were combined and filtered through anhydrous sodium sulfate. The sodium sulfate was washed with an additional 10 ml of chloroform. The filtrate was collected in a pear-shaped 50-cm 3 flask with a 3-cm 3 concentration tube, and the chloroform was evaporated under vacuum in a warm water bath at 40 C.
The dried extract was redissolved in 200 l chloroform and applied to semipreparative chromatographic plates g (silica gel 60, 0.5 mm thick) as a 12 ϫ 0.5-cm band. The bottom of the flask was washed with 100 l chloroform, which was also applied to the TLC plate. One microgram of ergotamine was applied as an independent spot at the side of the extract band. The preparative plate was developed with toluene e / ethyl acetate e /acetonitrile e (50:10:40). The plate was dried and examined under 365-nm UV light in order to visually locate and mark the position of the reference ergotamine spot. At the same height, a zone of about 1-cm width was marked and the silica gel scraped and transferred to a 20cm 3 vial, where it was extracted with 3 ϫ 5 ml methanol. The combined methanolic extracts were filtered and dried with a gentle stream of nitrogen at 30 C.
The residue was redissolved in 100 l chloroform, e and an aliquot of 20 l was applied to an analytical silica gel TLC plate. h Ergovaline or ergotamine standards (0.1-0.5 g) were applied in parallel, and the plate was developed successively with 2 solvent systems: A) chloroform/acetone/ acetic acid (90:10:5) and B) chloroform/ethanol (9:1). Ergotamine or ergovaline were visualized with a modified Van Urk reagent, 14 which was applied in 2 steps: 1) spray with 1% acetone solution of p-dimethylamino benzaldehyde c (PDBA), followed by 2) spray with sulfuric acid e 25%. The color intensity was visually compared with the reference spots in order to derive the approximate amounts of ergovaline present in the sample.
To test the efficiency of the liquid/liquid extraction method, 0.1-0.2 ml of the primary ergot alkaloid solutions were diluted with 20 ml of 1% tartaric acid. e Fifteen milliliters of this solution were transferred to a separatory funnel, the pH was adjusted to 9.5 with 1 N NaOH, c and the samples were extracted with 3 ϫ 5 ml chloroform. The aqueous phase was discarded, and the chloroform layer was reextracted with 15 ml of 1% tartaric acid. The levels of ergot alkaloids in the original solutions and in the final aqueous extracts were compared by colorimetric analysis. Excellent recovery (Ͼ90%) of all 3 ergot alkaloids was obtained (data not shown). However, when liquid/liquid extraction was applied to tall fescue extracts fortified with ergotamine, even with an additional extraction with hexane to remove nonpolar plant constituents, 8 colorimetric quantitation of the ergot alkaloid recovery in the final extract was not possible due to the presence of a high amount of residual pigments. Obviously, further cleanup of the tall fescue extracts was necessary.
Attempts to purify the plant extracts with chromatographic columns containing either activated charcoal, c silica gel, c or carboxymethyl cellulose c cation exchanger were unsuccessful due to low recovery and/or inefficient separation of ergot alkaloids from pigments. Preparative TLC plates, on the other hand, proved to be a better option. The first attempts with silica gel 60 plates produced rather discouraging results, but later it was found that silica gel 60 plates from a different commercial source g had a much better and reproducible performance. With these TLC plates, the semipurified tall fescue extract was applied as a band at the start, and the TLC plate was developed with a carefully selected solvent mixture in order to achieve a fairly good separation of the ergot alkaloids from colored impurities. Parallel application of a spot of ergovaline or ergotamine standard (both have identical Rf in this system) allowed easy location of the final position of the ergot alkaloid fraction in the chromatogram. The corresponding band was marked and the silica gel was scraped and extracted with methanol. The purified extract obtained in this way contained nearly 70% of added ergotamine, and the residual amount of pigments was relatively small.
Finally, analytical TLC was required in order to achieve semiquantitation of ergovaline in the purified extracts. A host of different solvent mixtures were tested. But it was not possible to attain a good separation of ergovaline from pigments in a single chromatographic run. Thus, a double development was required. In the first development, an acidic solvent mixture was used, where the ergot alkaloids did not migrate due to ionization and strong binding to the silica gel, but most of the pigments moved up the plate with the mobile phase. The plate was dried and redeveloped with a neutral solvent mixture. With this technique, ergovaline was located in the region of Rf 0.4-0.6, and this zone was almost free of pigments. Therefore, ergovaline visualization with a color reagent 14 could be achieved with little interference. In addition, it was confirmed that ergotamine can be used instead of ergovaline as a quantitative standard since both have identical chromatographic and colorimetric behavior.
Extracts of 5 endophyte-free tall fescue plants, with and without addition of known amounts of ergotamine, were examined using this TLC method. Negative results were consistently obtained with extracts with no added ergotamine, confirming that no PDBA-reacting substances with chromatographic behavior similar to ergovaline are naturally present in tall fescue plants. On the other hand, all the chromatograms from ergotamine-spiked extracts produced dark blue spots, sharply defined against a pale blue background. Overall recovery of added ergotamine averaged 60%, and the detection limit was approximately 200 g of ergotamine (or ergovaline) per kilogram of dry tissue.
The method was then applied to 15 tall fescue samples derived from different fields of the Buenos Aires Province, Argentina. The results are shown in Table 1 , where levels of ergovaline are displayed together with the percentage of infection with N. coenophialum of each sample. It can be appreciated that ergovaline was negative in all endophytefree samples, whereas in samples with Ͼ50% infection, significant amounts of ergovaline were found (300-800 g/kg). In agreement with previous reports, 8, 13 ergovaline levels appeared to be quite variable, and they were not strictly correlated with the percent endophyte infection of the plants, particularly in the intermediate range (40-80% infection). On the other hand, it can be appreciated that, in 2 samples with a low degree of infection (12 and 15%), no ergovaline was detected.
Leaf sheaths were used because they were reported to have almost twice the ergovaline content as blades or stems, 8, 13 and this should improve the efficiency of the method due to a higher ergovaline/pigment ratio. According to previous research, clinical signs of toxicity in heat-stressed cattle can be produced by endophyte-infected tall fescue with a minimum ergovaline level of 200 g/kg in whole grass, 10 and this should correspond to more than 300 g/kg in leaf sheaths, 8, 13 well above the detection limit of the proposed TLC method.
Therefore, it could be expected that the endophyte-infected fescue samples that give negative results might not be able to produce overt symptoms of toxicity. However, it has been recently claimed that a continuous exposure to ergovaline levels as low as 50 g/kg may be associated with subclinical alterations, 11 and thus some risk of economic losses could still exist in pastures where no ergovaline is detected by the present method.
In addition, the TLC method can be used to measure ergovaline in tall fescue seed (data not shown), which may be useful in the quality control of seed before pasture implantation.
